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ABSTRACT 
 
 
 
 
The thermophilic Anoxybacillus sp. SK3-4 was formerly isolated from Sungai 
Klah hot spring, Malaysia. In a recent work, the genome of this bacterium was 
sequenced and the presence of several amylolytic enzymes was identified. Starch 
degrading enzymes have been greatly involved in several types of industrial applications 
typically for degradation and convertion to value-added sugars. Present work aimed to 
clone pullulanase type I, α-glucosidase, and pullulanase type II (amylopullulanase, Apu) 
and analyze the primary sequences through bioinformatic tools. The full length for 
pullulanase type I from Anoxybacillus was 2121bp (706 amino acids) with theoretical 
molecular weight of 82kDa while the α-glucosidase gene was 2343bp (780 amino acids, 
90.5kDa). The Apu was 6102bp (2033 residues, 224.8kDa) and appeared to be huge in 
the size. Based on the analysis using SAPS software, the proteins were mainly 
constituted of hydrophobic amino acids. Pullulanase type I and α-glucosidase are most 
likely expressed inside the cell while Apu is an extracellular protein due to the presence 
of signal peptide. According to similarity search using Blastp, pullulanase and α-
glucosidase shared higher similarities with counterpairs from Geobacillus and relative 
lower to Bacillus species. Most of these closest match sequences are deduced proteins 
obtained from genome sequencing data; hence the related information is thus limited. 
From conserved domain search, α-glucosidase is a member of Glycosyl Hydrolase (GH) 
31 family, and was further proved by the evolutionary tree. The Apu exhibited a single 
active site for hydrolyzing α-1,4 and α-1,6 linkages in starch and is different to 
amylopullulanase from Bacillus sp. KSM1378 and Bifidobacterium breve UCC2003 that 
had dual catalytic properties. The Anoxybacillus Apu also has a surface-layer homology 
(SLH) domain at C-terminal which functions as an anchor that binds to the cell wall. In 
conclusion, based on the bioinformatic analysis, it is shown that the studied enzymes 
from Anoxybacillus sp. SK3-4 are novel and unexplored and future work should be done 
to study the biochemical properties of these enzymes.  
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ABSTRAK 
 
 
 
 
Anoxybacillus sp. SK3-4 adalah bakteria termofilik yang telah dipencilkan dari 
sumber air panas di Sungai Klah, Malaysia. Baru-baru ini, genom bakteria tersebut telah 
dijujukkan dan beberapa enzim amilolitik telah dikenalpasti. Enzim amilolitik telah 
banyak digunakan dalam pelbagai industri terutamanya dalam proses yang melibatkan 
degradasi dan penukaran kanji kepada gula tambah nilai. Kajian ini bertujuan untuk 
mengklon pululanase jenis I, α-glukosida, dan pululanase jenis II (amilopululanase, Apu) 
serta menganalisis urutan protein bagi enzim amilolitik tersebut dengan menggunakan 
aplikasi bioinformatik. Gen bagi pululanase jenis I adalah sepanjang 2121bp (706 asid 
amino) dengan saiz teori 82kDa manakala gen α-glukosida terdiri daripada 2343bp (780 
asid amino, 90.5kDa). Apu pula bersaiz besar dan sepanjang 6102bp (2033 asid amino, 
224.8kDa). Berdasarkan analisi perisian SAPS, protein-protein tersebut terdiri daripada 
asid amino yang bersifat hidrofobik. Pululanase jenis I dan α-glukosida berkemungkinan 
besar dirembes di dalam sel manakala kehadiran isyarat peptide pada Apu menunjukkan 
protein tersebut dirembes di luar sel. Berdasarkan percarian kesamaan menggunakan 
aplikasi Blastp, pululanase dan α-glukosida mempunyai persamaan yang tinggi dengan 
protein daripada spesis Geobacillus berbanding dengan spesis Bacillus. Kebanyakkan 
urutan terdekat enzim amilolitik itu merupakan simpulan protein daripada data genom. 
Oleh itu, maklumat yang berkaitan dengannya adalah terhad. Pencarian menggunakan 
domain kesamaan menunjukkan α-glukosida tergolong dalam kumpulan Glycosyl 
Hydrolase 31 (GH31). Ia turut dibuktikan dengan menggunakan pokok evolusi. Apu 
mempunyai tapak aktif tunggal untuk menghidrolisis ikatan α-1,4 and α-1,6 pada kanji 
dan ini berbeza daripada Apu daripada Bacillus sp. KSM1378 and Bifidobacterium 
breve UCC2003 yang mempunyai dua tapak aktif. Anoxybacillus Apu turut mempunyai 
domain bagi homologi lapisan permukaan (SLH) pada C-terminal enzim tersebut. Ia 
berfungsi untuk memegang Apu pada dinding sel. Kesimpulannya, analisis 
bioinformatik yang dijalankan menunjukkan bahawa enzim amilolitik daripada 
Anoxybacillus sp. SK3-4 adalah baru, belum diterokai dan kajian mengenai ciri-ciri 
biokimia enzim-enzim tersebut boleh dijalankan pada masa hadapan.  
  
 
